Supramolecular liquid crystals, obtained through hydrogen-bonding of complementary molecules, have extensively been investigated in recent years. Following the well-established examples of liquid crystal formation through dimerization of aromatic carboxylic acids [1, 2] , several classes of compounds have been reported, including conventional liquid crystals [3] [4] [5] [6] [7] [8] [9] , supramolecular polymer networks [10] [11] [12] [13] , and ferroelectric liquid crystals [14] [15] [16] [17] formed by the interaction of complementary molecules, the liquid crystalline behaviour of which is crucially dependent on the structure of the resulting supramolecular system. It is now well-established that for the formation of liquid crystalline materials through hydrogen bonding, the complementarity of the interacting components coupled with the directionality of the hydrogen bonds are the main (but not the only) factors contributing to liquid crystallinity [18] . In fact, it has been widely accepted that the proton donor and acceptor capabilities of the atoms of the functional groups involved in the hydrogen bonding contribute remarkably to the occurrence of new phases and their thermal stability. Despite their low bond activation energies, these non-covalent interactions show a profound impact on thermal and physical properties such as melting points, heats of vaporization, mesomorphic behaviour, etc.
Introduction
Supramolecular liquid crystals, obtained through hydrogen-bonding of complementary molecules, have extensively been investigated in recent years. Following the well-established examples of liquid crystal formation through dimerization of aromatic carboxylic acids [1, 2] , several classes of compounds have been reported, including conventional liquid crystals [3] [4] [5] [6] [7] [8] [9] , supramolecular polymer networks [10] [11] [12] [13] , and ferroelectric liquid crystals [14] [15] [16] [17] formed by the interaction of complementary molecules, the liquid crystalline behaviour of which is crucially dependent on the structure of the resulting supramolecular system. It is now well-established that for the formation of liquid crystalline materials through hydrogen bonding, the complementarity of the interacting components coupled with the directionality of the hydrogen bonds are the main (but not the only) factors contributing to liquid crystallinity [18] . In fact, it has been widely accepted that the proton donor and acceptor capabilities of the atoms of the functional groups involved in the hydrogen bonding contribute remarkably to the occurrence of new phases and their thermal stability. Despite their low bond activation energies, these non-covalent interactions show a profound impact on thermal and physical properties such as melting points, heats of vaporization, mesomorphic behaviour, etc.
In continuation of our systematic investigation of Hbonded liquid crystals comprising different proton and acceptor groups [19] [20] [21] [22] [23] , the present communication deals with the synthesis and phase behaviour of a new series of liquid crystalline systems involving intermolecular hydrogen bonding between p-n-alkoxybenzoic acids (nABA) and p-aminobenzonitrile (ABN). The molecular structure of the ABN:nABA series is represented in Figure 1 .
0932-0784 / 02 / 0300-0184 $ 06.00 © Verlag der Zeitschrift für Naturforschung, Tübingen · www.znaturforsch.com 
Experimental

Materials and Methods
The compounds p-n-alkoxybenzoic acids and p-aminobenzonitrile were supplied by Frinton laboratories, New Jersey and Kodak Chemical Company, USA, respectively. All the solvents used in the present work are of E. Merck grade and are used as such without further purification. The solid state (KBr) IR spectra were recorded on a Perkin-Elmer (spectrum BX series) FT-IR spectrometer. The optical textural observations were carried out by thermal microscopy (Olympus BX 50) equipped with an optical display (DP-10). The Differential Scanning thermograms were recorded on a PerkinElmer DSC 7.
Intermolecular Hydrogen Bonding Complexes
The intermolecular H-bonding complexes, ABN: n-ABA were synthesized by refluxing together p-alkoxybenzoic acids (~1.3 g/6.0 mmol) and ABN (0.7 g/ 6.0 mmol) in 20 ml of pyridine under constant stirring at 80°C for ~2 h. The volume of the resultant homogeneous mixture was then reduced to dryness by removing the excess pyridine under a controlled vacuum filtration. The white crystalline products were dried and recrystallized from a hot dichloromethane solution. The yields obtained are ~1.9 g (81%).
Results and Discussion
IR Spectra
The solid state (KBr) IR spectra of nABA, ABN, and their H-bonded complexes were recorded at room temperature. The spectra of free p-n-alkoxybenzoic acids show two sharp bands at 1685 and 1695 cm -1 due to the ν (C=O) mode and a strong intense band at 3032 cm -1 assigned to the ν (OH) mode of the carboxylic acid group. This doubling nature of the carbonyl stretching mode may be attributed to the existence of dimeric benzoic acid at room temperature [24] . However, the corresponding spectra recorded in solution (chloroform) show an intense band at 1712 cm -1 , suggesting stabilization of the monomeric form of benzoic acid in solution. To avoid further complications due to inter/intramolecular hydrogen bonding, the spectra of the complexes were compared with the free benzoic acids recorded in solution state.
The IR spectrum of the free-ABN moiety exhibits an intense band at ~1602 cm -1 due to the ν (C=N) mode, and two medium intense bands at 3364 and 3473 cm -1 assigned to symmetric and asymmetric stretching modes of the -NH 2 group [24] .
The infrared frequencies of ABN : nABA complexes show (Table 1 ) a sharp band at ~1680 cm -1 due to the ν (C=O) mode of the benzoic acid moiety, which suggests its monomeric nature upon complexation. When compared to the free-nABA spectra, the ABN : nABA complexes show bathochromic shifts (~25 cm -1 ) in the ν (C=O) mode of the benzoic acid moiety and hypsochromic shifts (~25 cm -1 ) in the ν (C=N) mode of the ABN moiety. These shifts strongly suggest the formation of intermolecular H-bonding between the -COOH group and the cyano group. Moreover, the band associated with the ν (OH) mode of the carboxylic acid group suffered a bathochromic shift upon complexation, which strongly supports the existence of H-bonding. The non-involvement of the terminal -NH 2 group of the ABN moiety in hydrogen bonding is invoked on the basis of the unaltered appearance of the bands associated with the stretching modes of this group in the H-bonded compounds (Table 1) .
Thermal and Phase Behaviour
The phases and their transition temperatures (Table 2) were determined by textural observations [25] under a polarizing microscope equipped with a temperature control system at a scan rate of 0.1°C/minute. The p-n-alkoxybenzoic acids exhibit the nematic (marble) phase of the lower homologues (n = 3 to 6) and the smectic-C (schilieren) phase of the higher members of the series.
On cooling the isotrope melt, the higher homologues (n = 6 to 10 and 12) of the present series exhibit a threaded nematic texture which is developed from nematic droplets on slow cooling. On further cooling, formation of schilieren, assigned to the smectic-C phase, is observed in compounds VIII and IX (n = 10 and 12). A smooth multicolored mosaic texture characteristic of smectic-G phase [25] is induced in all the compounds. Further, the lower homologues (n = 3 to 5) exhibit a direct isotropic to smectic-G phase transition with quenching of the nematic phase of free p-n-alkoxybenzoic acids. The phase transition temperatures observed through thermal microscopy were found to be in reasonable agreement with the corresponding DSC thermograms ( Table 2) .
The phase diagrams were constructed from the transition temperatures observed by thermal microscopy in the cooling cycle. Figures 2 and 3 illustrate the phase behaviour of the free nABA and the ABN: nABA series, respectively.
A glance at Fig. 3 reveals that the compounds I to III exhibit direct isotropic to smectic-G transitions with simultaneous quenching of nematic phase when compared to free p-n-alkoxybenzoic acids. Further, wide thermal ranges (~40°C) of this induced phase are noticed for the compounds III and VI (n = 5 and 8). The thermal ranges of the induced phase are stabilized in the higher members of the series. It is interesting to add that compound II shows a very narrow range of smectic-G phase. The stabilization of this induced phase in the higher members clearly signifies the important role of H-bonding formed between the electron rich terminal cyano group and the terminal carbon of nABA. When compared with the phase behaviour of the reported series of 2-amino-5-chloropyridine (ACP):nABA [21] , it is observed that there is a gradual decrease of the thermal range of this phase in the higher homologues. This observation provides substantial evidence towards the effective role of the non-mesogenic moiety, ABN, on the phase behaviour of the present series. It is worth mentioning that the thermal distribution of induced smectic-G phase in the reported series derived from palkoxybenzoates [19, 20] shows a non-uniform trend. This, however, confirms the significant contribution of the p-aminobenzonitrile moiety to the phase behaviour of the present series.
It is further noticed that the nematic and smectic-G phases have their maximum thermal ranges in complex VI (with n = 8) in this series. Figures 2 and 3 reveal the quenching of smectic-C phase in the present series (except n = 10 and 12), where this is the dominant phase in the free nABA. A stabilization of the nematic phase in terms of wide thermal spans is found at lower temperatures for the compounds IV to VIII (n = 6 to 10) of the present series when compared to the free acids. However, the middle members of the series (compounds IV-VII) show nematic and smectic-G as dominant mesophases. The present series also shows wide liquid crystalline thermal ranges with a well stabilized induced phase (smectic-G) when compared with its analogous series of complexes, ACP:ABA [21] and 2 (-p-n-nonyloxybenzylidene-imono)-5-chloropyridene (NICP):ABA [22] . In fact, the thermal distribution among the nematic and smectic-G phases in the middle members of this series is also present in the tilted phases (smectic-C and smectic-G) of the higher members. Nevertheless, the transition temperatures across the series show the odd-even effect.
Conclusion
Comparative thermal studies on the present series reveal that a smectic-G phase is induced in all the complexes. A possible explanation of the induction of this new phase may be molecular contributions originated from the intermolecular hydrogen bonding between the electron rich terminal cyano and -COOH groups. Further, new phase variants, viz. G, NG, and NCG in the present series may be due to the presence of the terminal -NH 2 group, which in turn leads to a steric repulsive effect and promotes the stabilization of the induced phase. Moreover, the significant impact of the cyano group as proton acceptor on the phase behaviour in terms of wide thermal spans of induced phase may be realized comparing the phase behaviour with analogous series, where -OH/pyridine-nitrogen serves as a proton acceptor.
